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Lossless Compression Studies:
• 3D IWT + 3D EZW + Arithmetic Coding

(EZW: Embedded Zerotree Wavelet, 1993)

• 3D IWT + 3D SPIHT + Arithmetic Coding
(SPIHT: Set Partitioning in Hierarchical Trees, 1995)

• 3D IWT + 3D SPIHT + Prefix/Huffman Coding
Lossy Compression Studies:
• 3D IWT + 3D EZW + Arithmetic Coding
• 3D IWT + 3D SPIHT + Arithmetic Coding
• 3D IWT + 3D LTW + Arithmetic Coding

(LTW: Lower-tree wavelet, 2003)

• Locally Partitioned Vector Quantization (2003)



Wavelet Transform Overview



1-D Integer Wavelet Transform



2-D Wavelet Transform



2-D Wavelet Tree Coding (EZW, SPIHT, LTW)



3-D Wavelet Tree Coding (EZW, SPIHT, LTW)



Simulated AIRS Granule 176



Lossless Compression 
3D EZW vs. 3D SPIHT

Simulated AIRS Granule 176 Longwave Noisy Data
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Lossless Compression 

3D EZW vs. 3D SPIHT
Simulated AIRS Granule 176 Midwave Noisy Data

Wavelet Transform



Lossless Compression 
Arithmetic Coding vs. Huffman/Prefix Coding

Simulated AIRS Granule 176 Longwave Noisy Data
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Lossless Compression 
Arithmetic Coding vs. Huffman/Prefix Coding

Simulated AIRS Granule 176 Midwave Noisy Data
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3D SPIHT Lossless Compression 
Noisy vs. Noise Free

Simulated AIRS Granule 176 Longwave Data
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3-D SPIHT Lossless Compression

Real vs. Simulated
AIRS Longwave Granules
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12-Bit Uniform Lossy Compression 
3D EZW vs. 3D SPIHT vs. 3D LTW

Simulated AIRS Granule 176 Longwave Noisy Data
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11-Bit Uniform Lossy Compression 
3D EZW vs. 3D SPIHT vs. 3D LTW

Simulated AIRS Granule 176 Longwave Noisy Data
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10-Bit Uniform Lossy Compression 
3D EZW vs. 3D SPIHT vs. 3D LTW

Simulated AIRS Granule 176 Longwave Noisy Data
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3-D SPIHT Lossless Compression
Regular vs. Irregular Data Size

Simulated (forward calculated) LW/MSW Data Cube

CPU Time (seconds), 700MHz Pentium Xeon
0 25 50 75 100 125 150

128x128x1024

128x128x2048

A 3D SPIHT Encoder for Any Data Size
A 3D SPIHT Encoder for Regular Data Size



Partitioned Vector Quantization



Summary
• What has been done

– Nine 3D wavelet transforms tested on simulated and real data
– Three types of 3D wavelet tree coding developed and tested
– Regular-sized vs. irregular-sized wavelet tree encoders/decoder 

have been implemented
– Both lossless and uniform lossy compression implemented
– Arithmetic and Huffman coding implemented and tested
– LPVQ implemented and investigated on simulated data

• What will be done
– Implement other 36 integer wavelet transforms
– Investigate non-uniform lossy compression
– Investigate other promising lossless and lossy schemes
– Perform additional shortwave data compressions
– Perform compression studies on more real and simulated data 
– Perform more retrieval impact studies for lossy compression
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